Introduction
Acid precipitation is one of the global environmental problems affecting terrestrial and aquatic ecosystems. Our research group has studied acid fog and precipitation in the Akita Hachimantai mountain range of northern Japan, by combining chemical analysis with 72-h back trajectories. [1] [2] [3] Adzuhata et al. found that the acidity of fog water was very high when an air mass was transported from northeastern China to the Hachimantai range. 3 It is widely known that upslope fog in a mountain range is directly influenced not only by short-range transport, but also by the long-range transport of ionic pollutants. There are some reports on the effect of long-range transport of pollutants to a basin, [4] [5] [6] and the pollution mechanism of radiation fog. 7, 8 However, those reports did not clearly specify the pollution mechanism of radiation fog, and most of them did not consider the long-range transport quantitatively. Therefore, it should be required that the pollution mechanism of radiation fog and the effect of long-range transport be more extensively studied and clarified.
The purpose of the present study is to clarify the chemical characteristics and the pollution mechanism of radiation fog (basin fog) by comparing the ion compositions and the transport courses of pollutants with those for upslope fog (mountain fog), in northern Japan. Chemical analysis data are combined with 72-h back trajectories obtained at 850 hPa level to elucidate the effect of long-range transport.
Sampling and Experimental
Radiation fog water was collected at the bank (140˚21′E, 40˚12′N, 37 m a.s.l.) near the junction of two rivers (Yoneshiro and Osarube rivers) in Takanosu Basin, Akita Prefecture, Japan, from October to November of 2000 and 2001 (Fig. 1) . Takanosu Basin is located at the inland area about 39 km far from east of the Sea of Japan. The basin is a farming district with no industrial source of pollutants. Upslope fog water was collected in the Hachimantai mountain range from June to September at the mountainside (140˚51′E, 39˚56′N, 1465 m a.s.l.) of Mt. Mokkodake (1578 m a.s.l.) from 1997 to 2000, and at Miharashidai (140˚50′E, 39˚57′N, 1560 m a.s.l.) in 2001. As can be seen in Fig. 1 , the Hachimantai mountain range is located about 80 km east of the Sea of Japan. An active fog sampler with a PTFE (Teflon) wire screen (FWG-400F; Usui Kogyo Kenkyusho) was placed during fog events at sampling sites. Measurements of the ion concentrations, pH and electric conductivity of the fog water and the mean volume diameter of the fog droplets, as well as an estimation of the transport course of air mass, were found by the same method as described in our previous paper. 3 The liquid water content was measured using a liquid water content meter (EPS-001; Usui Kogyo Kenkyusho). Water samples from radiation and upslope types of fog were collected at Takanosu Basin and Hachimantai mountain range of Akita Prefecture in northern Japan, respectively. The effect of the long-range transport of pollutants from the Asian Continent to the basin and the mountain range on the chemical characteristics of two types of fog was studied using chemical analysis data for the water samples as well as the back-trajectories of the air mass. In particular, non-sea-salt (nss)-SO4 2-of radiation fog provided a much higher concentration than that of upslope fog, which suggests that nss-SO4 2- might be transported mainly from the Asian Continent. The transport and uptake mechanism of pollutants in the radiation fog water were explained based on their accumulation in the basin due to anticyclonic subsidence and by the long-lasting fog behavior.
Results and Discussion
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different for those two types of fog, the air masses were similarly transported to the Akita area through the Sea of Japan from the inland area of the Asian Continent, as shown in Figs. 2A and 2B. Therefore, both fogs may contain similar pollutants from the Asian Continent. Figure 3 is a typical example of the temporal variation of nss-SO4 2-and other ion concentrations in radiation fog water samples. When the radiation fog occurs in Takanosu Basin, a traveling anticyclone always develops over northern Japan, and the surface wind speed is very slow (0 -1 m/s) at the sampling site. Since anticyclones generate the subsidence of air mass, ionic pollutants, such as nss-SO4 2-, that are mainly transported from the Asian Continent, are carried down into the basin by the descending air. In this case, although the total ion concentration is gradually decreased, nss-SO4 2-shows an increasing trend of the content ratios. This means that nss-SO4 2-in the air around fog droplets is steadily supplied and is progressively taken-up into the droplets.
It is noted from the transition of pH in Fig. 3 that the pH of the first sample was 3.81, due to the great influence of HCl, while that of other samples was about 6. It may, thus, be thought that the source of HCl could be not only local influences, but also long-range transport from the Asian Continent, because of the different back trajectories ( , in Fig. 2A ) for both days of observation.
For two-types of fog events, the arithmetic mean concentrations of the major ionic species in both fogs, the mean volume diameter (D) and liquid water content (LWC), are shown in Table 1 . The arithmetic means of the total ion concentrations and the pH for the radiation fog (n = 23) were 894 ± 590 µ eq/L and 5.07, while those for the upslope fog (n = 29) were 751 ± 674 µ eq/L and 4.24. These results suggest that the radiation fog was considerably polluted, compared to the upslope fog, although the former was not acidified, rather neutralized, because the sum of the basic-ion (NH4 + and nonsea-salt(nss)-Ca 2+ ) concentrations was larger than that of the acidic-ion (nss-SO4 2-, NO3 -and NO2 -) concentrations. Although the mean nss-SO4 2-concentration of upslope fog was higher than that of the radiation fog, compared to the ion concentrations in two types of fog with the same droplet size, the nss-SO4 2-concentration in this basin was higher than that in the Hachimantai mountain range (see Fig. 4) .
In this study, we focused on the concentration of nss-SO4 which is mainly transported from the Asian Continent. 3 When air masses were transported from the Asian Continent to Takanosu Basin, the arithmetic mean nss-SO4 2-concentration was 160 ± 104 µ eq/L (n = 23, see Table 1 ). On the other hand, when they were transported from the Sea of Japan to Takanosu Basin, it was 7.3 µ eq/L (n = 2), which can be considered as the background value for the basin. The extremely low value of the latter is, therefore, due to pollutants from local sources, and the difference between the two values is ascribed to the long-range transport of air masses from the Asian Continent.
In our recent study, 3 if cloud condensation nuclei (CCN), such as ionic pollutants, were only diluted by ambient water vapor that diffused in the growth process of droplets, the slope of the log-log plot of ion concentration vs. mean volume diameter (D) of fog droplets was -3. A slope greater than -3 indicates that a large amount of ionic pollutants is taken up into the fog droplets, even after the activation of CCN. Figure 4 shows plots of the nss-SO4 2-concentration vs. D. The mean volume diameters of the radiation and upslope fog droplets were 25.2 µm and 16.2 µm, respectively. The nss-SO4 2-concentration of the radiation fog droplets at the same size range of the mean volume diameter was roughly higher than that of the upslope fog droplets. The background nss-SO4 2-concentration and the mean volume diameter of the fog droplets, which the air masses transported from the Sea of Japan (trajectory number in Fig.  2A ), were 7.3 µ eq/L and 25.9 µm, which was almostly equal to that of the other radiation fogs (25.2 µm), respectively. The slope of log-log plots of the nss-SO4 2-concentration vs. D for the upslope fog was roughly larger than that for the radiation fog. This finding suggests that the radiation fog absorbs much more nss-SO4 2-transported from the Asian Continent than the upslope fog, because the former has a long life time in the basin with calm wind under the anticyclonic condition (see Fig. 3 ). Figure 5 shows a schematic picture of the transport of pollutants from the Asian Continent to Takanosu Basin. This potential transport mechanism is also supported by the fact that there is no industrial source near Takanosu Basin that may cause the high nss-SO4 2-concentration, and the background level of the nss-SO4 2-concentration (air masses are not transported from the Continent) is extremely low.
Conclusion
In the present study, based on field data, we suggest that the ionic compositions of fog in Akita Prefecture, even for radiation fog, are influenced not only by local pollution sources, but also by pollutants from long-range transport. Our results show that radiation fog can be polluted compared to upslope fog, because radiation fog is formed when pollutants stagnate in the basin under the anticyclonic condition with calm wind, and then more pollutants can stay in the air around fog droplets. As a result, pollutants may be taken up more by the fog water of radiation fog than that of upslope fog.
